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(57) ABSTRACT 

A data structure includes a plurality of voXel element arrays 
of memory locations, the arrays being arranged and associ 
ated With a set of indices Whereby indices of the set identify 
corresponding memory locations in each array. The data 
structure further includes a base array for storing an iden 
ti?cation of a contiguous group of the memory locations in 
each array in Which voXel elements of a corresponding 
group of active voXels may be stored. A method of employ 
ing the data structure includes associating a column of active 
voXels in a voXel block, With a group of memory locations 
in each array, each memoray location being associated With 
a respective index. Geometric representations and attributes 
of active voXels in the column are stored in respective 
memory locations of said group. 
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METHOD, APPARATUS, SIGNALS AND CODES 
FOR ESTABLISHING AND USING A DATA 
STRUCTURE FOR STORING VOXEL 

INFORMATION 

1. FIELD OF INVENTION 

[0001] This invention relates to the storage of volumetric 
data and more particularly to methods of organizing volu 
metric data, a data structure Which facilitates storage of 
volumetric data and methods for interacting With the data 
structure to retrieve, store and delete volumetric data from 
the data structure. 

2. DESCRIPTION OF RELATED ART 

[0002] Volumetric data may be produced by a variety of 
devices that involve 3D scanning or sampling and/or 
numerical modeling. Rendering of such data on a display 
such as a 2D graphics device is desirable to make use of the 
data. HoWever, volumetric data normally involves a very 
large number of data values or set of data. For example, a 
typical Magnetic Resonance Image (MRI) scanner volume 
data set may represent data for perhaps 6.7 million voxels. 
To render data sets of this magnitude on 2D displays, a 
signi?cant amount of processing poWer and memory is 
conventionally required. 
[0003] Rendering is the process of displaying 3-dimen 
sional image data on a typically tWo-dimensional display, at 
a predetermined vieWing angle. In volume rendering there is 
often a need to be able to vieW the rendered image from 
various angles. To do this the 3 dimensional image data is 
mapped onto a projection plane at an orientation relative to 
a reference point associated With the 3-dimensional image 
data. This projection plane may be referred to as a vieW 
space or image space, Which, in the case of a tWo-dimen 
sional display may be a pixel map of the display. 

[0004] The orientation of the projection plane and hence 
the orientation of the image space de?nes the direction from 
Which the volume data set is vieWed and rendered. Thus a 
key step in the volume rendering process is the mapping of 
the original volume data set into the vieW space. Typical 
mapping may involve transformations including Zoom, pan, 
rotation and even shear features, for example, thus further 
increasing the amount of processing required to effect ren 
dering. 
[0005] Traditionally voxel information is rendered using a 
ray tracing process. A ray is an imaginary line emanating 
from a pixel in the image space and extending through a 
voxel block to a termination point. Thus a ray must be 
produced for each pixel in the image space and the effect of 
each voxel through Which the line extends must be consid 
ered in determining hoW the pixel Will be controlled to 
display a representation of What Would be seen When vieW 
ing along the ray. Typically, information associated With 
voxels through Which the line emanates is accessed in a 
random fashion that sloWs the acquisition of the informa 
tion, thereby sloWing the rendering process. This is also a 
computationally intense procedure and normally requires 
the use of dedicated or specialiZed graphics processing 
computers to achieve any reasonable speed in rendering. 
Alternatively polygon-style engines exist for rendering 
images of surface objects. HoWever, polygon-style pro 
cesses are still computationally intensive and cannot render 
images of solid objects. 
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[0006] To deal With the large amounts of data in a volu 
metric data set, hardWare acceleration techniques have been 
popular and more recently methods of volumetric data 
organiZation have been employed to deal With such data 
more ef?ciently. See, for example, US. Pat. No. 6,144,383 
to Lichtenbelt et al. Which discloses the use of sub-volumes 
to facilitate the use of ray tracing rendering techniques. 
Other inventors have dealt With the problem of volumetric 
data rendering in other Ways, as described in US. Pat. No. 
5,412,763 A; Kaufman A. E. et al, “A Survey of Architec 
tures for Volume Rendering”, IEEE Engineering in Medi 
cine and Biology MagaZine, December 1990, USA, Vol. 9, 
No. 4; DZik, S. et al, “Representing Surfaces With Voxels”, 
Computers and Graphics, Pergamon Press Ltd., Oxford, G. 
B., Vol. 16, No. 3, 1992; US. Pat. No. 6,075,545 A; GB 
2,325,838; and Insung Ihm, Rae Kyoung Lee; “Indexing 
Data Structures for Faster Volume Rendering”; Comput. 
Graph. (UK) Computers and Graphics, July-August 1997, 
Elsevier UK, ISSN 0097-8493, Vol. 21, No. 4. 

[0007] In prior art systems, hoWever, memory may be 
Wasted by storing information associated With voxels that 
provide no information about an object of interest in the 
model or by redundant storage of information associated 
With voxels of interest. 

[0008] As a result of the need to be able to perform 
computationally intensive processes and of the need for 
memory to store large amounts of data special processors 
and relatively large amounts of memory are required to 
effect volumetric data rendering. The cost of such processors 
and the space required to accommodate large amounts of 
memory has been a prohibiting factor in improving graphics 
capabilities on personal computers. 

[0009] Thus, it Would be desirable to provide a system 
Which is memory ef?cient in storing information only about 
voxels of interest and Which provides fast access to this 
information When desired. The present invention addresses 
this need. 

SUMMARY OF THE INVENTION 

[0010] The present invention addresses the above needs by 
providing a method and apparatus for organiZing volumetric 
data, a data structure Which facilitates storage of volumetric 
data and methods for interacting With the data structure to 
retrieve, store and delete volumetric data from the data 
structure. 

[0011] In accordance With one aspect of the invention, 
there is provided a volumetric data organiZation method for 
organiZing data associated With active voxels in a voxel 
block, Where active voxels are those for Which information 
has been obtained or provided. The method involves causing 
each active voxel in a column of voxels in the voxel block 
to be associated With a respective consecutive memory 
location in a ?rst group of memory locations associated With 
the column, and causing position information indicating 
positions of the active voxels in the column to be stored in 
respective consecutive memory locations of the ?rst group. 

[0012] Causing position information to be stored may 
comprise causing the position information of consecutive 
active voxels in the column to be stored in respective 
consecutive memory locations in order of increasing dis 
tance of the consecutive active voxels from a base of the 
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voXel block. Causing each active voXel to be associated With 
a respective consecutive memory location may also or 
alternatively comprise determining the number of active 
voXels in the column. Causing each active voXel to be 
associated With a respective consecutive memory location 
may also or alternatively comprise locating a group of the 
consecutive memory locations having at least the same 
number of memory locations as the number of active voXels 
in the column, for use as the ?rst group. 

[0013] The method may also involve associating the col 
umn With an element in a base array. Each of the consecutive 
memory locations may be associated With a respective indeX 
and associating the column With the element in a base array 
may comprise associating the element With a representation 
of a starting indeX associated With a ?rst memory location 
associated With a ?rst active voXel in the column and 
associating the element With a representation of a number of 
active voXels in the column. 

[0014] The method may involve changing the representa 
tion of the starting indeX When volumetric data representing 
a voXel in a position nearer to a reference position is 
received. 

[0015] The method may involve changing the representa 
tion of the number of active voXels in the column When the 
number of active voXels in the column changes. 

[0016] Locating the group of consecutive memory loca 
tions may comprise associating With the column, a starting 
indeX of a group of consecutive memory locations previ 
ously used. 

[0017] Associating may comprise storing the starting 
indeX in a base array. Locating a group of consecutive 
memory locations may comprise associating With the col 
umn a starting indeX of a free space. 

[0018] The method may involve producing the neW free 
space starting indeX and may involve causing each active 
voXel in the column of voXels in the voXel block to be 
associated With a respective consecutive memory location in 
a second group of memory locations associated With the 
column, and causing attribute information relating to the 
active voXels in the column to be stored in respective 
consecutive memory locations of the second group of 
memory locations associated With the column. 

[0019] The method may involve maintaining a plurality of 
stacks associated With different siZed groups of memory 
locations, each stack being operable to holds at least one 
identi?er identifying a group of corresponding siZe. 

[0020] The method may also involve con?guring each 
stack to hold at least one indeX identifying the start of the 
group of corresponding siZe. Con?guring the each stack may 
comprise causing the different siZed groups of memory 
locations to have siZes de?ned as a function of packing 
density. Con?guring each stack may comprise con?guring 
the different siZed groups of memory locations to have siZes 
n(PD+1) Where n is an integer multiplier and PD is a packing 
density value. 

[0021] The method may involve de?ning voXel element 
arrays for storing position information or attribute informa 
tion Within a Wad of memory. De?ning may comprise 
de?ning the voXel element arrays Within a Wad of memory 
located Within a page of memory. De?ning may also com 
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prise de?ning the voXel element arrays to have a manage 
ment area and a free space area and de?ning a base array in 
the management area of at least one of the voXel element 
arrays. 

[0022] In accordance With another aspect of the invention, 
there is provided a computer readable medium for providing 
codes for directing a processor circuit to organiZe volumetric 
data associated With active voXels in a voXel block, Where 
active voXels are those for Which information has been 
obtained or provided. The codes direct the processor circuit 
to organiZe the volumetric data by causing each active voXel 
in a column of voXels in the voXel block to be associated 
With a respective consecutive memory location in a ?rst 
group of memory locations associated With the column, and 
by causing position information indicating positions of the 
active voXels in the column to be stored in respective 
consecutive memory locations of the ?rst group. 

[0023] In accordance With another aspect of the invention, 
there is provided a signal embodied in a carrier Wave, the 
signal comprising a ?rst code segment for directing a 
processor circuit to cause each active voXel in a column of 
voXels in a voXel block to be associated With a respective 
consecutive memory location in a ?rst group of memory 
locations associated With the column, and a second code 
segment for directing the processor circuit to cause position 
information indicating positions of the active voXels in the 
column to be stored in respective consecutive memory 
locations of the ?rst group. 

[0024] In accordance With another aspect of the invention, 
there is provided an apparatus for organiZing volumetric 
data associated With active voXels in a voXel block, Where 
active voXels are those for Which information has been 
obtained or provided. The apparatus includes means for 
causing each active voXel in a column of voXels in the voXel 
block to be associated With a respective consecutive memory 
location in a ?rst group of memory locations associated With 
the column and means for causing position information 
indicating positions of the active voXels in the column to be 
stored in respective consecutive memory locations of the 
?rst group. 

[0025] In accordance With another aspect of the invention, 
there is provided an apparatus for storing a volume data set 
representing at least geometric representations of active 
voXels in a voXel block Where active voXels are those for 
Which information has been obtained or provided. The 
apparatus includes memory operable to be divided into a 
plurality of Wads of memory locations, and a processor 
circuit operable to communicate With the memory to cause 
a column of active voXels in the voXel block to be associated 
With a group of consecutive memory locations in at least one 
of the Wads and to cause representations of respective active 
voXels in the column to be stored in respective consecutive 
memory locations. 

[0026] In accordance With another aspect of the invention, 
there is provided a volumetric data organiZation method for 
organiZing volumetric data associated With active voXels in 
a voXel block, Where active voXels are those for Which 
information has been obtained or provided. The method 
involves associating a column of active voXels in the voXel 
block With a contiguous group of indices associated With 
corresponding memory locations in a plurality of informa 
tion arrays and causing elements of information about each 
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active voXel to be stored in respective information arrays, 
such that each active voXel is associated With a correspond 
ing index and the index identi?es memory locations in 
respective information arrays at Which respective elements 
of information about each active voXel are stored. 

[0027] In accordance With another aspect of the invention, 
there is provided a data structure embodied in a computer 
readable medium, the data structure comprising a plurality 
of voXel element arrays comprised of consecutive memory 
locations, the arrays being arranged and associated With a set 
of indices Whereby indices of the set identify corresponding 
consecutive memory locations in each array of the voXel 
element arrays, and a base array for storing an identi?cation 
of a contiguous group of the memory locations in each array 
in Which voXel elements of a corresponding group of active 
voXels in the same column of a voXel block may be stored. 

[0028] In accordance With another aspect of the invention, 
there is provided a method of facilitating storage of voXel 
information in a data structure, Where the voXel information 
is associated With active voXels in a voXel block, the active 
voXels being those for Which information has been obtained 
or provided. The method involves de?ning a plurality of 
voXel element arrays of memory locations for storing the 
voXel information, associating the arrays With a set of 
indices Whereby indices of the set identify corresponding 
memory locations in each array in the voXel element arrays, 
and de?ning a base array for storing an identi?cation of a 
group of consecutive memory locations in each array in 
Which voXel information of a corresponding group of active 
voXels may be stored. Storing the identi?cation may com 
prise storing an indeX and a count of voXel indices associated 
With the group of consecutive memory locations. 

[0029] The method may involve de?ning a plurality of 
stacks and associating the stacks With different siZed groups 
of consecutive memory locations, each stack being operable 
to hold at least one identi?cation identifying a group of 
corresponding siZe. 

[0030] The method may involve de?ning the stacks such 
that the different siZed groups of consecutive memory loca 
tions have siZes de?ned as a function of packing density. 

[0031] The method may involve de?ning the stacks such 
that the different siZed groups of consecutive memory loca 
tions have siZes n(PD+1) Where n is an integer multiplier and 
PD is a packing density value. De?ning may comprise 
associating a Wad of memory locations With the voXel 
element arrays and de?ning Within each of the voXel element 
arrays a management area and a free space area. De?ning the 
base array may comprise de?ning the base array in the 
management area of at least one of the voXel element arrays. 

[0032] The method may also involve invoking an insertion 
routine to store information about an active voXel in the data 
structure. 

[0033] The method may also involve invoking a deletion 
routine to delete information about an active voXel in the 
data structure. 

[0034] The method may also involve invoking a read 
routine to obtain information about an active voXel from the 
data structure. 

[0035] In accordance With another aspect of the invention, 
there is provided a computer readable medium for providing 
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codes for directing a processor to facilitate storage of voXel 
information in a data structure Where the voXel information 
is associated With active voXels in a voXel block, the active 
voXels being those for Which information has been obtained 
or provided, by de?ning a plurality of voXel element arrays 
of memory locations for storing the voXel information, 
associating the arrays With a set of indices Whereby indices 
of the set identify corresponding memory locations in each 
array of the voXel element arrays, and de?ning a base array 
for storing an identi?cation of a contiguous group of 
memory locations in each array in Which voXel information 
of a corresponding group of active voXels may be stored. 

[0036] In accordance With another aspect of the invention, 
there is provided a signal embodied in a carrier Wave, the 
signal comprising a ?rst code segment for directing a 
processor circuit to de?ne a plurality of voXel element arrays 
of memory locations for storing voXel information, a second 
code segment for directing the processor circuit to associate 
the arrays With a set of indices Whereby indices of the set 
identify corresponding memory locations in each array of 
the arrays, and a third code segment for directing the 
processor circuit to de?ne a base array for storing an 
identi?cation of a contiguous group of memory locations in 
each array in Which voXel information of a corresponding 
group of active voXels may be stored. 

[0037] In accordance With another aspect of the invention, 
there is provided an apparatus for facilitating storage of 
voXel information in a data structure Where the voXel 
information is associated With active voXels in a voXel block, 
the active voXels being those for Which information has been 
obtained or provided. The apparatus includes means for 
de?ning a plurality of voXel element arrays of memory 
locations for storing the voXel information, means for asso 
ciating the arrays With a set of indices Whereby indices of the 
set identify corresponding memory locations in each array of 
the arrays, and means for de?ning a base array for storing an 
identi?cation of a contiguous group of memory locations in 
each array in Which voXel information of a corresponding 
group of active voXels may be stored. 

[0038] In accordance With another aspect of the invention, 
there is provided a method of accessing a voXel element 
associated With a designated voXel Where the voXel elements 
are stored in the a structure. The method involves locating in 
the data structure an indeX associated With the designated 
active voXel, outputting the voXel element from memory 
locations identi?ed by the indeX. 

[0039] In accordance With another aspect of the invention, 
there is provided a method of reading elements of a voXel 
record. The method involves specifying a column of a voXel 
block in Which a voXel identi?ed by the voXel record is 
located, specifying a position along the column, from a 
reference position in the voXel block, at Which the voXel is 
located in the column, ?nding an indeX associated With the 
voXel, and causing the contents of a memory location 
associated With the indeX to be output. The method may 
further involve causing the contents of a plurality of memory 
locations associated With the indeX to be output. 

[0040] Other aspects and features of the present invention 
Will become apparent to those ordinarily skilled in the art 
upon revieW of the folloWing description of speci?c embodi 
ments of the invention in conjunction With the accompany 
ing ?gures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] In drawings Which illustrate embodiments of the 
invention, 
[0042] FIG. 1 is a block diagram of a computer system 
implementing a data structure and apparatus for storing 
imaging data, according to a ?rst embodiment of the inven 
tion; 
[0043] FIG. 2 is a perspective vieW of a voXel block 
containing active voXels representing an object model to be 
stored using the computer system of FIG. 1; 

[0044] FIG. 3 is a ?oWchart of an establishment algorithm 
run by the computer system of FIG. 1; 

[0045] FIG. 4 is a schematic representation of the data 
structure implemented by the establishment algorithm of 
FIG. 3; 

[0046] FIG. 4A is a schematic representation of an imple 
mentation of a stack in the data structure shoWn in FIG. 4; 

[0047] FIGS. 5A-5E depict a ?oWchart of an insertion 
algorithm for inserting active voXel information into the data 
structure shoWn in FIG. 4; 

[0048] FIGS. 6A-6C depict a ?oWchart of a delete routine 
responsive to a delete command received or produced at the 
computer system of FIG. 1, for deleting voXel information 
from the data structure shoWn in FIG. 4; 

[0049] FIG. 7 is a ?oWchart of a read algorithm for 
reading active voXel information in the data structures 
shoWn in FIG. 4. 

DETAILED DESCRIPTION 

[0050] Referring to FIG. 1, an apparatus according to one 
embodiment of the invention is shoWn generally at 10. In 
this embodiment, the apparatus comprises a computer sys 
tem, such as a personal computer having a processor circuit 
12, program memory 16 and random access memory 18. The 
processor circuit 12 has a virtual memory mapping unit 
(VMMU) 13 Which converts logical addresses provided by 
any applications programs running on the processor circuit 
to physical memory address space in the random access 
memory 18. The processor circuit 12 runs an operating 
system (not shoWn) Which is operable to de?ne cache 
memory Within the random access memory 18 and to Work 
in pages of memory therein. 

[0051] The computer system 10 may further include a 
media reader 19 in communication With the processor circuit 
12 for enabling the processor circuit to read a set of codes 
20 or computer program, from a computer readable medium 
22 such as a ?oppy disk, a hard disk, a CD-ROM, or a 
communications channel, for eXample. Alternatively, the set 
of codes 20 may be provided as segments of a signal 
embodied in a carrier Wave received at a communications 

interface 21 in communication With the processor circuit 12, 
for eXample. In other Words, the set of codes or program may 
be doWnloaded from a communications system such as the 
Internet, into the computer system 10. 

[0052] The set of codes 20 implements a data structure 
establishment and interface program operable to be stored in 
the program memory 16. The program directs the processor 
circuit 12 to carry out functional actions according to a 
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method for producing a data structure and for storing a 
volume data set in the data structure, and for interacting With 
the data set, in accordance With other aspects of the inven 
tion. The data structure may be stored in RAM 18, for 
eXample. 

[0053] The set of codes 20 may contain a plurality of 
segments including a segment 23 associated With an estab 
lishment algorithm, a segment 25 associated With an inser 
tion algorithm, a segment 27 associated With a deletion 
algorithm and a segment 29 associated With a read algorithm 
and a segment 31 associated With a Wad manager, as Will be 
described beloW. The embodiments herein relate to volu 
metric data organiZation to facilitate rendering a volume 
data set on a 2D graphics display 24 of the computer system 
10, but more generally, the invention relates to rendering a 
volume data set on any type of annunciation device. 

[0054] Referring to FIG. 2, the method described herein is 
intended to be used With a volume data set representing 
geometric and attribute information about voXels in a voXel 
block such as shoWn at 30. Generally, a data acquisition 
device (not shoWn) such as a medical imaging device, X-ray 
device or computer aXial tomographic (CAT) X-ray system, 
for eXample, may be used to generate geometric and 
attribute data for a plurality of voXels 32 in the voXel block 
30. Alternatively, the volume data set may be received from 
a graphics application program running on the processor 
circuit 14 shoWn in FIG. 1 or may be provided to the 
processor circuit 14 from an eXternal source through the 
media reader 19 or communications interface 21, for 
eXample. The graphics application program may facilitate 
entry of volume data through the use of a keyboard or 
mouse, for eXample. In this embodiment, the volume data set 
provided by any source includes geometric information and 
attribute information including visual information such as 
color, surface, normal vectors, density and layer informa 
tion, for eXample. Attribute information is not limited to 
visual information or to the examples given here and could 
include other information, such as smell, sound or tactile 
information, for eXample. The type of information included 
as an attribute may alternatively, or may also be user 
de?ned. 

[0055] Referring back to FIG. 2, in this embodiment, the 
voXel block 30 for Which the volume data set represents data 
is a generally orthorhombic shaped 3-dimensional space 
divided into a plurality of generally cubic regions (voXels 
32) of the voXel block 30. 

[0056] Alternatively, the voXel block may be any other 
solid shaped 3-dimensional space divided into a plurality of 
smaller subregions. For eXample, the voXel block 30 may be 
approximately cylindrically shaped and the voXels may be 
small cubic regions or small regions of solid angles formed 
in columns. 

[0057] In this embodiment, the voXel block 30 is de?ned 
as an orthorhombic block as this shape is most easily 
mapped into a 2-dimensional coordinate system under Which 
most computer displays operate to generate images. Other 
display or annunciation systems hoWever, may be more 
amenable to use With different shaped voXel blocks. 

[0058] In this embodiment, the voXel block 30 is de?ned 
by an origin 33 and maXimum X, y and Z voXel coordinate 
positions 34, 36 and 38 along orthogonal X, y and Z aXes 40, 
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42 and 44 intersecting the origin 33. In this embodiment, a 
base 46 of the voXel block 30 lies in an X-Z plane 48 
established by the X and Z aXes While one side of the voXel 
block 30 is coincident With a y-Z plane 50 established by the 
y-Z aXes. In this embodiment, a geometric position of each 
voXel 32 Within the voXel block 30 can thus be represented 
by a three-tuple (X, y, Z) specifying ?rst, second and third 
Cartesian coordinates X, y and Z. Attributes associated With 
a voXel 32 can be speci?ed in connection With the geometric 
position. Thus, the properties of each voXel 32 can be 
speci?ed by a voXel record comprised of a representation of 
the geometric position of the voXel in the voXel block 30 and 
a representation of attributes associated With the voXel. In 
this embodiment, voXel records of the volume data set may 
therefore be said to have the folloWing form: VoXel:(X,y,Z, 
a1,a2,a3, . . . an), Where X,y,Z and a1 . . an are elements of 

the record and the X,y,Z elements specify geometric coordi 
nates of the voXel 32 in the voXel block 30 and the elements 
al, . . . an specify n attributes associated With the voXel 32. 

Alternatively, other coordinate systems may be used and 
converted to Cartesian coordinates for direct use With the 
methods disclosed herein. 

[0059] In general, the voXel block 30 may have non-active 
voXels such as shoWn at 60 having no representative infor 
mation, such as measured information beloW a threshold 
level, and may alternatively or further include active voXels 
such as shoWn at 62 for Which information has been obtained 
or provided. Effectively, active voXels 62 may represent an 
object Within the voXel block 30 and hence the volume data 
set may be considered to de?ne an object model Which can 
be speci?ed by three components including: 1) voXel block, 
or array parameters, i.e., the maXimum X, y and Z coordi 
nates 34, 36 and 38 of the voXel block: (Xaize) Y_siZe, 
Z_siZe); 2) an attribute de?nition de?ning the attributes 
associated With each voXel 32; and 3) a plurality of active 
voXel records each comprised of geometric information and 
attributes. In this embodiment the geometric information is 
represented by a three-tuple (X,y,Z), and the attributes are 
speci?ed according to the attribute de?nition. 

[0060] The voXel block 30 may be considered to have a 
plurality of columns on the X-Z plane, one of Which is shoWn 
at 52, at the X-Z position (4, 10). A column of active voXels 
53 may be de?ned as being comprised of only the group of 
active voXels Within a column 52. For eXample, the column 
52 de?ned along the X-Z position (4, 10) has ?ve active 
voXels at y-positions 1, 2, 5, 7 and 10, and has siX non-active 
voXels at y-positions 0,3,4,6,8 and 9. Thus the column of 
active voXels 53 is considered to be comprised only of the 
voXels at y-positions 1,2,5,7 and 10. This avoids Wasting 
memory locations that Would otherWise be used to store 
information about inactive voXels. As Will be described 
beloW, this column of active voXels 53 Will be associated 
With a contiguous group of memory locations, and each 
memory location Will be associated With an indeX. Attribute 
data for a given attribute associated With each of the active 
voXels in a column is stored in a similar contiguous group of 
memory locations associated With the same indices. Thus, a 
single indeX can be used to identify the geometric represen 
tation and the attribute representation of a single active 
voXel record. Separate contiguous groups are associated 
With each of the geometric information and respective 
attribute data for the active voXels in the column. Thus, a 
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structure is de?ned for storing the voXel records of active 
voXels in each of the columns and hence for the object model 
as a Whole. 

[0061] Establishment Algorithm 

[0062] Referring to FIGS. 3 and 4, to de?ne the desired 
data structure for storing voXel records the segment 23 
shoWn in FIG. 1, causes the processor circuit 12 to eXecute 
an establishment algorithm shoWn generally at 100. Gener 
ally the establishment algorithm 100 facilitates storage of 
voXel information by directing the processor circuit to 12 
de?ne a plurality of voXel element arrays of memory loca 
tions for storing voXel information. Under the algorithm the 
processor circuit 12 is directed to associate the arrays With 
a set of indices Whereby the indices identify corresponding 
memory locations in each array. Also under the algorithm 
the processor circuit 12 is directed to de?ne a base array 150 
for storing an identi?cation of a contiguous group of 
memory locations in each array in Which voXel elements of 
a corresponding group of active voXels may be stored. 

[0063] The algorithm begins With a ?rst block 102 Which 
directs the processor circuit 12 to allocate a Wad of memory 
120 for use in initiating the data structure described herein. 
To do this, the Wad manager 31 shoWn in FIG. 1, directs the 
processor circuit 12 to keep track of pointers to and Within 
memory areas herein referred to as Wads of memory 120, 
associated With the object model. 

[0064] NeXt, block 104 directs the processor circuit 12 to 
de?ne a plurality of voXel element arrays 124, 126, 128, 130 
and 132 of contiguous logical memory addresses Within the 
allocated Wad of memory 120. Since logical memory loca 
tions are contiguous, so are the corresponding physical 
memory locations. In this embodiment, ?ve arrays 124, 126, 
128, 130 and 132 are de?ned and identi?ed as AO-A4 and 
each has a siZe operable to hold 109 (1 Gig) entries. Gen 
erally, the siZes of the arrays should be about the same as the 
maXimum X-coordinate 34 in the voXel block 30. The 
number of arrays to be de?ned depends upon the number of 
attributes that are speci?ed in each active voXel record. 
Separate arrays are used to store respective attributes. In this 
embodiment, there are four attributes speci?ed in each active 
voXel record and arrays Al-A4 (126-132) are used to store 
these attributes. The ?rst array A0 (124) is used to store a y 
coordinate of each three-tuple providing the geometric infor 
mation about active voXels and may be referred to as the 
Y-array. In this embodiment the remaining arrays are used to 
hold layer, normal, color and density attributes respectively. 
Also in this embodiment the Y-, layer, normal and color 
arrays are tWo bytes Wide and the density array is one byte 
Wide, although other Word siZes for each array may be used. 
Nevertheless, each array is operable to hold the same 
number of entries. 

[0065] The start of each array 124, 126, 128,130 and 132 
is de?ned by respective array offsets from the base address 
122 to form respective array base addresses 122, 138, 140, 
142, 144. Speci?c locations Within an array are addressed by 
a location offset or indeX to the associated array base 
address. Thus, While the arrays 124-132 are actually linear 
Within the logical memory address range of the processor 
circuit 12, the arrays may be visualiZed as being aligned With 
each other as shoWn in FIG. 4, such that all of the array base 
addresses 122, 138, 140, 142 and 144 are aligned. The 
location offset may be referred to as an indeX Which When 


















